This research aims to simulate a gravity flow fractionation-the process to fractionate erythrocytes through gravitational field using ANSYS simulation software. A particular microfluidic channel was designed as a separation device. The gravitational equilibrium conditions of the erythrocytes and gravitational field as the parameters were chosen, then deriving the erythrocytes' path through numerical simulations. After the actual analog measurements, there is no big difference between the flow velocity and the pressure under +/−10% atmosphere condition. According to the simulation results, the particle with the size 8 μm (similar to the erythrocyte size) can be separated to the outside channel and discharged from the collecting area, other particles with the size 9 μm will stay in the fluid motion and can be collected in the final collection area for preservation. Through the analog analysis by using the software-ANSYS-Fluent, the complete flowing path of the particles and the feasibility of the Gravity-Flow Fractionation can be directly proven.
Introduction
With the progress of science and technology, all biomedical devices are changed rapidly. Biosensors are not only new stars in the biotech industry, but also one of the most significant advances from the mid-1990s. Biosensors are novel products which combine physics, biology, electronics, chemistry, machinery with automatic control. At present, more and more industries have focused on the tiny devices study and applied in the biology and biochemistry fields. The key of the miniaturization technique is called Micro-Electro-Mechanical Systems (MEMS) which combines with semiconductor thin film process, mechanical and electrical integration and other precision technology. This technology integrates optoelectronics, machinery, electronics, chemicals, materials with biomedicine to miniaturize products and improves the performance while reducing manufacturing costs.
In 1990, Manz proposed a micro-total analysis system (μ-TAS) to achieve the main idea of a lab on achip [1] [2] . To implement biological chips, the initial design has to be planned completely for microfluidic system, which often includes micropumps [3] , microvalves [4] , micromixers [4] and other microfluidic components. The microfluidic process can be used to separate, dilute, filter, store, stop, [5] and quantify the microfluidics. To make the chip more efficient, the material or structure modification of chips according to the principle function of component is required. The effect of wafer size tends to be miniaturized and the miniaturization characteristic can also bring many advantages. In the future, the microfluidic systems will keep developing and the ultimate goal is to integrate all the analytical function of lab on a chip. In 2004, Lai et al. [6] published the use of Lab-on-a-CD. Microchannel is processed on CD and drove the microfluid by centrifugal force to mix the reagent. This can be applied to immunoassay [7] [8], cell sorting [9] [10] [11] , toxicity analysis [12] , protein detection [13] [14], AIDS detection [15] etc. and they have also been studied. However, the traditional detections depend on a variety of detection devices. Because the equipment occupies a large volume and it must be in a certain cleanliness environment which can be implemented. Therefore, microfluidic chips have a lot of advantages such as high sensitivity, high frequency response and high resolution due to the miniaturization of component size.
In addition, the experiment can utilize MEMS technology in mass production to reduce manufacturing cost. It is also hoped that the development of cheaper and disposable microfluidic wafers will avoid the problem of secondary contamination during the detection process and achieve the rapid analysis results. The microfludic channel design can carry out by the study of fluid and microstructure functionality. Red blood cells by gravitational field-flow fractionation were studied [16] . They investigated the influence of coulter counter which were studied in order to verify fractionation of red blood cells. The separation of red blood cell and plasma by using Zweifach-Fung effect and was experimentally demonstrated using simple microchannels [17] . By studying and simulating the motion of erythrocyte flow in bifurcating microfluidic channels via a low-dimensional model based on dissipative particle dynamics was studied [18] . Compared with the conventional electrophoretic and centrifugal separation blood methods, the proposed gravity-driven fluid can protect cells from being damaged. Using the analog simulation by the software-ANSYS-Fluent, the complete flowing path of the particles by analog simulation and determine the feasibility of the gravity-flow fractionation directly. The design can also be applied to biomedical research, blood and disease detection. It's anticipated to use the natural gravity to drive blood for erythrocyte cell separation by the correlation study.
Device Design and Simulation Tools
The microfluidic channel device to separate erythrocytes through the gravitational field was designed by using the Solidwork software. It is a two-inlets flowing into a fractional microchannel with a particular microstructure (barrier) resulting the particles separation. The two-inlet ends are the buffer and blood injection ports. After injection, the liquid will flow into the inlet chamber and come out from the collection area due to the gravity impact. In addition, the microchannel had a barrier to separate the particles. The pore of barrier was designed by the trigonometric function, and the cosine law was used to find the angle and then apply to the Solidworks structure design. The cosine law of triangle could be obtained as Equation (1) to open which contacts with outside atmosphere. Therefore; the flow rate is slightly lower than inside channel. In this study, it is found that the pressure difference within the range is less than +/−10% variation of the atmospheric pressure, and there is no significant difference in the velocity between the corresponding locations. The simulated convergence of different atmospheric pressure is shown in Figures 3(a)-(c) . The simulations of flow velocity at different atmospheric pressures are shown in Figures 4(a)-(c) . 
d) Particle separation behavior simulation
The human capillary diameters are about 4 -9 μm which are numerous in the whole body and the main function is beneficial to the material exchange between the blood and the organization. The differences in the flow velocity with different density ratios and then perform the simulation referred to the human blood data were studied. The simulation started to inject 50,000 particles with8μm in diameter and 500 particles with9μm in diameter. The simulation parameters are shown in Table 1 . The particles distribution behavior is shown in Figure 6 . The inlet end and outlet end of the partial magnification are shown in Figure 6 (b) and (c). It's obviously shown, different particles came out to different outlets.
The desired separation results are achieved by using this device.
Conclusion
The gravitational field separation by using the design microfluidic channel is able to separate microparticles in microchannels and simulated to be erythrocyte separation in blood. By using 0.9, 1, 1.1 atm. Environments to investigate the effect on the microfluidic channel, it can be seen clearly that there is no difference between the flow velocity or the pressure inside the internal flow under the normal environment through reference points of inlet end and outlet end of fluid. It is found that is no significant effect on the flow field, and the difference is Mean. diameter (µm) 8.5
Spread factor 20
Density(g/cm less than 1% under +/−10% variation condition. According to the simulation results, the particle with 8 μm in diameter can be separated to the outside channel and discharged from the collecting area. The particle with 9 μm in diameter still can be kept in the fluid motion and can be collected in the final collection area for preservation. The microfluidic channel design for erythrocyte separation is feasible from the simulation study.
